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(54) Modification of thermoplastic vulcanizates using random propylene copolymers 



(57) Random propylene thermoplastic copolymers 
can be used to Increase the elongation to break and 
toughness of thermoplastic vulcanizates. Semi-crystaJ* 
line polypropylene is a preferred thermoplastic phase. 
The rutsber can be otefinic rubbers. Random thermo- 
plastk; polypropylene copolymers are different from 
conventional Ziegler-Natta propylene copolymers as the 
compositional heterogeneity of the copolymer is greater 
with Ziegler-Natta copolymers. This cfifference results in 
substantial differences in properties (elongation to 
break and toughness) between themnopiastic vulcani- 
zates modified with random thermoplastic propylene 
copolymers and those modified with conventional Zie- 
gler-Natta propylene copolymers. An increase in elon- 
gation to break results In greater extensibility in tiie 
articles made from a thermoplastic vulcanlzate. 



EuropSlsches Patentamt 
^lil European Patent Office 

Office europten itas brevets 



CO 

o 

a> 
to 
o> 

o 
liJ 



PrimadbyXoroR (U)Q BuslnKsScnAOBS 



EP0968043A1 

Description 

FIELD OF INVENTION 

[0001] Thermoplastic vulcanizates from thermoplastic polypropylene and a rubber can be mo(fified with a random 
propylene copolymer polymerized with single site catalyst such as metallocene catalyst. This modification typically 
results in an improved elongation to brealc and toughness. 

BACKGROUND OF THE INVENTION 
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[0002] Thennoplastic vulcanizates are comprised of a thermoplastic phase and a aossiinked rubbery phase and 
desirably have the thermoplastic processing properties of the thermoplastic phase and a substantial amount of elastic- 
ity from the rubber phase. TTie Shore A/D harttiess of a thermoplastic vulcanizate is generally controlled by the ratio of 
the harder thenrxplastic phase to the softer rubber phase. The elongation to break of a thermoplastic vulcanizate is 
15 controlled t)y many factors including compatibility of the two phases, phase sizes, and added oonrpatitNlizers. It is desir- 
able to be able to formulate a thermoplastic vulcanizate composition to have higher etongation to break and more 
toughness. Toughness is defined as the area under the stress strain cun^ when a tensile specimen off the thermoplastic 
^vulcanizate is elongated to break 

«^UMMARYQF THE INVENTION 

[0003] Thermoplastic vulcanizates from a polypropylene thermoplastic phase and generally any rubber phase can be 
mocfified with random propylene copolymers polymerized with single site catalyst Including metallocene catalyst to 
improve the physical properties of the thermoplastic vukanizate. The random (propylene copolymers can have from 

25 about 5 to about 25 weight perc^ of other ethylentcally unsaturated monomers and more desirably from about 6 to 
about 20 weight percent of other ethylenicaliy unsaturated monomers. Preferred ethytenically unsaturated monomers 
are ethylene or a monoolefin having from 4 to 20 carbon atoms. The residual of the random propylene copolymers is 
desirably repeat units derived from the polymerization of propylene. Desirabiy the repeat units from propylene are pre- 
dominantly in either an Isotactic or a syncfiotactic configuration. The random propylene copolymer with crystallizabie 

30 repeat units derived from propylene has a melting point above C'C. The relative amount of the random propylene copol- 
ymer to the polypropylene thermoplastic is desirably from about 2 to about 400 parts by weight of random propylene 
copolymer per 100 parts by weight polypropylene thermoplastic and more desiralsly from about 5 to about 150 pairts of 
random copolymer per 100 parts polypropylene thermoplastic. The propylene thennoplastic is desirably an isotactic 
polypropylene with a high melting temperature but can be any polypropylene other than said random copolymer. For the 

35 purpose of this specif ication we will distinguish between polypropylene thermoplastk» which have a melting tempera- 
ture of at least 1 20''C and random propylene copolymer which have a melting temperature below 1 05. The rubbers can 
be traditional iiydrocarbon rubbers such as EPDM rubber, butyl rubber, halobutyl rubber, copolymers of p-methylsty- 

«ne and isobutylene. natural rubber, homopoiymers of conjugated dienes, and copolymers of oorijugated dienes or 
imbinations thereof. Thermoplastic vulcanizates usually comprise from about 15 to about 75 parts of the thermoplas- 
40 tic phase and from about 25 to about 85 pans of the rubber phase based upon 1 00 parts total of the thermoplastic and 
rubber phases. 

DETAILED DESCRIPTION 

45 [0004] The random propylene copolymers used to modify the thermoplastic vulcanizates of this cfisclosure are copol- 
ymers of propylene with statistical insertion at least one other oomonomer, other than propylene, into the polymer. 
Comonomers comprise ethylene and alpha-oiefins having 4 to 20 caftx>n atoms. The arrangement of the propylene 
units Is substantially isotactic or syndlotactic. The random propylene copolymers have narrow molecular weight distri- 
butions with a polydispersity index of less than 4 They can oonvenientiy be prepared with single site catalyst, including 

CO metaOocene catalysts, although the disclosure is not limited to those catalysts but rather to a random propylene copol- 
ymer and the thermoplastic vdcanizate composition with a random propylene copolymer. Metallocene catalyst are fur- 
ther described in U.S. Patent 5,017.714 herein incorporated by reference for its teachings on making random propylene 
copolymers. The random propylene copolymers have a low level of crystallinity with a heat of fusk>n of less than 65 or 
75J/g. 

55 [0005] Prior to the devetopment of metallocene catalyst it was very difficult to prepare random propylene copolymers 
having narrow molecular weight distribution with a polydispersity index of less than 4 or 5 with more tiian about 3 or 6 
weight percent of a second comonomer. Rubbery copolymers such as EPDM or EPR rubber were available. Now it is 
possible to prepare thermoplastic random copolymers with from atxxit 2 to about 1 6 or 20 weight percent of a second 
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comonomer or conmomers. Prior art pseudorandom propylene ccpotynner was made by a potymerization with a pro- 
pylene feed and a seccnd olefin feed, said second ol^in generally having 2 or 4 to 8 or 12 cart>on atoms, keeping a 
relatively constant feed ratio. The catalysts used would have several different active sites such that some sites incorpo- 
rate the second olefin more effictentty than others. The different sites also can result in different polymer chain lengths. 
5 TTiis results in a brocd molecular weight distrit)ution and a Ixoad compositional distribution of propylene in the resulting 
polymer. 

[0006] The random prc^ene copotymer of this Invention desirably have a nanrow compositional distribution. WhOe 
not meant to be limited thereby, it is believed that the narrow composition distribution of the random propylene copoly- 
mer is important. We believe that the narrow compositional distribution is a result of using a single sited catalyst (such 
10 as metallocene) which allows only a single statistical mode of addition of ethylene and propylene. We believe this 
results in no statistically significant difference in the composition of the polymer among two polymer chains. The inter- 
molecular contposition distribution of the polymer is detemiined by thermal fractionation in a solvent. A typical solvent 
is a saturated hydrocarbon such as hexane or heptane. This n^erwsd fractionation procedure is descrS^d below, lypi- 
cally, approximately 75 percent weight and more preferably 65 percent by weight of the polymer is isolated as a one 
15 or two adjacent, soluble fraction with the balance of the polymer in immediately preceding or succeeding fractions. Each 
of these fractions has a composition (weight percent ethylene content) with a difference of no greater than 20 weight 
percent (relative) of the average weight percent etitylene content of the random propylene copolymer component. The 
rarxiom propylene copolymer is narrow in conpositional distribution if it meets the fractionation test outiined above. 
[0007] In tiie random propylene copolymer the number and distribution of etfiylene residues is consistent with the sta- 
tistical polymerization of ethylene, propylene and optional amounts of diene. In stereoblock structures, the number of 
monomer residues of any one kind adjacent to one another is greater than predicted from a statistical distribution in ran- 
dom propylene copolymers with a similar composition. Histaical polymers with stereobkKk structure have a distribution 
of etiiylene reskiues consistent with tiiese blocky structures rather than a statistical disti^xition of the monomer resi- 
dues in the polymer. The intramolecular composition distribution of the polymer may be determined by C-13 NMR whk;h 

25 kxates tiie ethylene reskiues in relation to the neighboring propylene residue. A statistical distribution of tiie ethylene 
and propylene sequences will result for a polymer if ( 1 ) It is made with a single sited catalyst such as a single site met- 
allocene catalyst which allows only a single statistical mode of addition of etiiylene and propylene and (2) it is made in 
a well mixed, continuous monomer feed stirred tank polymerization reactor which allows only a single polymerization 
mode for substantially all of the polymer chains and (3) the catalyst has a product of reactivity ratios for ethylene and 

30 propylene less than 1 .2. These polymerization parameters are needed for the formation of a random propylene copol- 
ymer. 

[0008] The random propylene copolynier preferably has a single melting point The melting point is determined by 
DSC. Generally, the random propylene copolymer has a melting point between about 0, 25 or 30"C and 105**C. Prefer- 
ably, tiie melting point is between about 0, 25 or 30, or 40** and 90 or lOO^C. Most preferably, the melting point is 
35 between AO'^C and 90''C. For the purpose of this applk»tion a melting point will be the peak in the DSC detemiination 
of melting point The random propylene copolymer prArably has a narrow molecular weight distribution (MWD) 
between about 1 .5. 1 .7 or 1 .8 to about 3.5. 4.0 or 5.0, wHh a MWD between about 1 .5, 1 .8 or 2.0 to about 2.8 or 3.2 
preferred. 

[0009] The random propylene copolymer desirably comprises isotactically crystaJlizable alpha-olef In sequences, ag.. 
preferably propylene sequences (NMR). The crystallinKy is. preferably, from about 2 to about 65 percent of homoisotac- 
tic polypropylene, preferably between 5 to 40 percent, as measured by ttie heat of fuston of annealed samples of the 
polymer. 

[OOlCg The random propj/\en9 copolymer desirably comprises firom about 75 or 80 to 95 percent by weight repeat units 
from propylene and from atxxjt 5 to about 20 or 25 percent by w^ht of repeat units from a linear or branched olefin 

45 other than propylene having 2 or from 4 to 8. 1 2, or 20 cartxxi atoms, preferably from about 80 to about 94 percent by 
weight repeat units from propylene and from at>out 6 to about 20 percent by weight of an alpha-oief in and mosA prefer- 
ably, from about 80 or 82 to about 90 or 94 percent by weight repeat units from propylene and from about 6 or 1 0 to 
about 1 8 or 20 percent by weight and even more preferably between 10 to 16 percent l>y weight of said alpha-olefin and 
from about 84 to 90 percent by weight of propylene. Preferably said alpha-olefin is ethylene. 

50 [001 1 ] Notwithstanding, the recitation of a random propylene copotymer. it may be advantageous to add a mixture of 
two (pr^red) or hwo or more random propylene copolymers. Each of the random propylene copolymers in the mixture 
of random propylene copolymers desirably satisfies the description of the individual random propylene copolymer. The 
random propylene copolymers can differ in their weight or number average molecular weight and more preferably cfiffer 
in composition by having different cunounts of comonomer incorporated in tfie copolymerization with propylene and dif- 

ss f erent amounts of crystallfnity It is particulariy advantageous to have a first random propylene copolymer having a melt- 
ing point above 70^C and with greater than 93 percent weight repeat units from propylene while the second random 
propylene copolymer has a melting point below eo^'C with less than 92 percent weight repeat units from propylene. 
Alternatively it is desirable that the first random propylene oopolynier 
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crystaliinity of a homoieotacUc polypropytene. as measured by the heat of fusion of annealed samples. The second ran- 
dom propylene copolymar would desirably have less crystaliinity than the first It is t>eneved that the first random propyl- 
ene copolymer when used in conjunction with the second and a thermc^lastic polypropylene, acts as an interfacial 
agent Thus the first random copolymer can result in a morphology with a finer dspersion of a dispersed phase and any 
5 resultant properties from the finer (smaller particle size) dispersion. The ratio of the first and the second random propyl- 
ene copolymer In tNs mixture may range from 95:5 to 5:95 with preference (or ratios in the range 90:10 to 10:90. 
[0012] We believe that the addition of random propylene copolymers which consist of two and less preferably more 
than two individual random propylene copolymers as described above will lead to improvements in the production and 
in the properties of the tharmoistastic vulcanizate. Ihe improvemenis in the proc^ction will indude the ability to intro- 
10 duce pellets of a substantially amorphous random propylene copolymer (mbber) while the improvements in the proper- 
ties win include Irrprovements in the tensile strengtti. elongation at break, and tow temperature impact strength beyond 
that which has been demonstrated by the addition of a single random propyloie copolymer. 
[001 Q There is no particular limitatton on the method lor preparing tho random propylene copolymer componem of 
the invention. Random propylene copolymers may be obtained by oopolymerizing pro^^ene and an alpha-def In having 
fs 2 or from 4 to about 20 cartx)n atoms, preferably ethylene, in a single stage or mutt^e stage reactor. Polymerization 
metiiods include fi^h pressure, stun*/, gas. bulk, or solution phase, or a combination thereof, using a traditional Ziegler- 
f4atta catalyst or a single-site, metallocene catalyst system. The catalyst used is preferably one whk:h has a high iso- 
specificity. Potymerization may be carried out by a continuous or batch process and may indude use of chain transfer 



eo ^0014] Qenerally, without lirrating in any way the scope of the invention, one embodiment for carrying out the produc- 
tion of the random propylene copolymer is as fofiowe: (1) lc|uid propylene is introduced in a stirred-tank reactor. (2) the 
catalyst system is introduced via nozzles in eittier the vapor or liquid phase. (3) feed etiiytene gas is introduced either 
into the vapor phase of the reaction, or sparged into the liquid phase, as is well known in tirte art, (4) ttie reactor contains 
a ic^ phase composed 8ut)stantially of propylene, together with dissolved alpha-olefin. preferably etiiylene. and a 
25 vapor phase containing vapors of all monomers, (5) the reactor temperature and pressure may be controlled via reflux 
of vaporizing propylene (autorefrigeration), as wed as by cooling coils. Jackets, etc.. (6) tfie polymerization rate is con- 
trolled by the concentration of catalyst temperature, and (7) the ethylene (or other alpha-olefin) content of tiie polymer 
product is determined by the ratio of ethylene to propylene in the reactor, which is controlled by manipulating the relative 
feed rates of these components to the reactor. 
so [0015] For example, a typical polymerization process for the random propylene copolymer consists of a polymeriza- 
tion in ttie presence of a catalysts comprising a bis (cyctopentadienyl) metal compound and etther 1 ) a non-coordinating 
compatible anion activator, or 2) an alumoxane activator. This comprises tiie steps of contacting ethylene and propylene 
witii a catalyst in a 8uitat)le polymerization diluent, said catalyst conrprising, for example, according to a preferred 
embodiment, a cNral metaOocene catalyst e.g., a bis (cyctopentadienyf) metal compound, as de8cn*bed in U.S. Patent 
S5 Ho. 5. 198.401 which is herein incorporated by reference for purposes of U.S. practices, and an activator. The activator 
used nriay be an alurnoxane activator or a non-coordination compatible anion activator. 

[0016] The alumoxane activator is preferably utilized in an amount to provide a molar aluminum to metattocene ratio 
^1 from about 1 :1 to about 20,000:1 or more. The non-coordinating compatible anion activator Is preferably utilized in 
amoum to provide a molar ratio of biscydopentadienyl metal compound to non-coordinatine anion of 10:1 to about 
40 1:1. The atxive polymerization reaction is conducted by rracting such monomers in tiie presence of such catalyst sys- 
tem at a temperature of from about -1 00"C to about 300^*0 for a time of from about 1 second to about 1 0 hours to pro- 
duce a copolymer having a weight average molecular weight of from about 5,000 or less to about 1 ,000,000 or more 
and a molecular weight distribution of from about 1 .8 to about 4.5 

[0017] While the process in some embodiments includes utilizing a catalyst system in the liqukt phase (sluny. sdu- 
45 tion, suspenskxt or bulk phase or combination tiiereof), according to other embodiments, high pressure fluid phase or 
gas phase polymerization can cOso be utilized. When utilized in a gas phase, sluny phase or suspenskm phase polym- 
erizatioa the catalyst systenrts will preferably be supported catalyst systems. See. for example, U.S. Patent ISto. 
5.057,475 which Is incorporated herein k>y reference lor purposes of U.S. practice. Such catalyst systems can also 
indude other well krkcwn additives such as, for example, scavengers. See, for example. U.S. Patent tkx. 5,153.157 
50 wftk;h is incorporated herein by reference for purposes of U.S. practices. These processes may t>e emptoyed without 
limitation of the type of reaction vessels and the mode of conducting the polyn^rization. As stated above, and while it 
is also true for systems utilizing a supported catalyst system, the iiqukl phase process comprises the steps of contact- 
ing ethylene and propylene witti the catalyst system in a suitable polymerization diluem and reacting ttie monomers in 
the presence of the catalyst system for a time and at a temperature suffident to produce an etiiylene-propylene copd- 
es ymer of tiie desired molecular weight and composition. 

[0018] The random propylene copolymer can be 1) incorporated into the components used to form a thermoplastic 
vuk»ruzate (TPV). 2) blerxled witii a TPV composition prior to vulcanization of the rubber component or 3) added after 
said vulcanization of saU TPV. The physical properties of the resulting blend may or may not vary depending upon 
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whether the random pro^ene copolymer was added prior to or subsequent to vulcanization of the rubber phasa The 
random propylene copolymer can be considered a siipplement to the semi-crystalline polypropylene of the thermoplas- 
tic vutcanizate or can be considered to be substituted on a weight basis for the semi -crystalline polypropylene in a ther- 
moplastic vulcanizate. When the random propylene copolymer is added prior to vulcanizalion, it is anticqpated that a 

5 megority of the random propylene cc^lymer is rn the thermoplastic phase of the resulting thermoplastic vulcanizate. 
although It may be disproportionately presertt at the interface between the rubber phase and the themrvplastic phase. 
Since the secant nfiodutus of the random propylene copolymer is lower than that of the semi<rystalline polypropylene, 
it is readily mett-blendable with the thenmplastic vulcanizate or the oomponents thereof at the normal processingMx- 
Ing temperatures for the thermoplastic vulcanizate. 

10 [001 9] The major portion of polymers in the themioplastic vulcanizate are the conventional polypropylene thermoplas- 
tic; the random propylene copolymer, and a crosslinkable riAber. Examples of conventional semiK^rystallffie polypropyl- 
ene are polypropylene, its copolynrters and mixtures thereof 

[0020] The total of the conventional semi-crystalline polypropylene and the random propylene copolymer is desirably 
from about 6 to about 85 weight percent, more desirab^ from about 7 to about 75. and preferably from about 6 to about 

IS 60 weight percent when based upon the total of the compounded thermoplastic vulcanizate. Desirak)ly the rubber Is 
from about 5 to about 70, more desirably about 10 to about 50 and pr^erably from about 1 5 to 45 weight percent of the 
thernwplastic vulcanizate. Desirably the other conventional components to TPV. ag. fillers, oils, curatives, processing 
aids. etc.. ere from about 0. 1 . 2. or 10 to about 87. 88 or 89 weight percent of the TPV. more desirably from about 0. 1 . 
2. or 15 to about 81, 82 a 83 and preferably from about 0. 1.2. or 25 to about 75. 76 or 79 weight percent. 
[0021] Minor amounts of other polymers may be added to nKXiify flow properties, or as additives, such as polymeric 
antioxidants. Non-pdymeric materials such as oils, fillers, dluents and additives (discussed in a later paragraph) may 
be present in large amounts. Amounts of most of the conponents to the blend will be specified either 1) per 100 parts 
by weight of the blend of the oonventiona) semi-crystalline polypropylene, random propylene copolymer, and the rubber 
or 2) per 1 00 parts by weight of mbber. 

25 [0022] The total of the semi -crystalline polypropylene and the random propylene copolymer Is desirably from about 
1 5 to about 80 parts by weight, more desirably from about 25 to about 75 parts by weight and preferably from about 25 
to about 50 parts by weight per 100 parts of the Wend of semi^^ryslalllne polypropylene, random propylene copolymer, 
and the rubber. The rubber is desirably from about 20 to about 85 parts by wei£^. more desirably from about 25 to 
about 75 parts by weight and preferably from about 50 to about 75 parts by weight per 1 00 parts by weight of said blend . 

30 If the amount of semi-crystalline polypropylene Is based on the amount of rubber, it is desirably from about 1 7.5 to about 
320 parts by weight, more desirably from about 33 to about 300 parts and preferably from about 33 to about 200 parts 
by weight per 1 00 parts by weight of the rubber. 

[0023] The random propylene copolymer is desirably present in amounts from about 2 to about 400 parts per 100 
parts of conventional polypropylene in the thermoplastic vulcanizate. more desirably in amounts from about 5 to about 
35 150 parts per 100 parts of polypropylene, still more desirably from about 10 or 25 to about 100 parts per 100 parts by 
weight of conventional polypropylene, and preferably from about 25 to about 80 parts by weight per 1 00 parts by weight 
of conventional polypropylene. Thus the random propylene copolymer may be present in amounts from about 4 to about 
80 and more desirably about 4 or 20 to about 60 weight percent of the thermoplastic phase of the thermoplastic vulcan- 
izate. Since the thermoplastic phase of the thermoplastic vulcanizate can be from about 15 to about 75 percent of the 
Uend of the thermoplastic and rubber phase (without filers, oils, etc.). the percentage of random propylene copolymer 
based upon the total weight of the thermoplastic vulcanizate can range from 1 or 2 to about 40. 50 or 60 weight percent 
based upon either the combined weight of the conventional polypropylene, random propylene copolymer and rubber 
components (without fillefs, oils etc.). 

[0024] The terms "blend" and "thernxiplastic vulcanizate" used herein mean a mixture ranging from small particles of 
45 crosslinked rubber well dispersed in a semi-crystalline polypropylene matrix to co-continuous phases of tiie semi-crys- 
tanine polypropylene and a partially to fiilly crossUnked rubber or corTi>ination8 thereof. The temi thermoplastic vulcan- 
izate* indicates ttie rubber phase is at least partially vulcanized (crosslinked). 

[0026] The term "ttiennoplastic vulcanizate" refers to compositions that may possess the properties of a thermoset 
elastomer and are reprocessable in an internal mixer. Upon reaching temperatures above tiie softening point or melting 
£0 point of the eemi -crystalline polypropylene phase, they can form continuous sheets and/or molded articles wrtti what 
visually appears to be complete knitting or fusion of the themraplastic vulcanizate under oorwentional mokling or shap- 
ing conditions for thermoplastics. 

[0026] Subsequent to dynamic vulcanization (curing) of the rubber phase of the thermoplastic vuk»nizate. desirably 
less than 20 or 50 weight percent of ttie curable rubber is extractable from ttte specimen of the ttwrmoplastic vulcani- 
55 zate in boiling xylene. Technkjues for deternnining extractable rubber as set forth in U.S. Patent 4.31 1 .628. are herein 
incorporated by reference. 

[0027] The conventional semi-crystaliine polypropylene comprises semi-crystalline thermoplastic polymers from tiie 
polymerization of nnonoolefin monomers (e.g. 2 to 10 carbon atoms) by a high pressure, low pressure, or intermediate 
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pressure process: or by Ziegler-Natta catalysts, or k^y metallocene catalysts, ft may have any tactidty (e.g. isotactic and 
syncfiotactic) or be a oopotymer such as impact modified polypropylene. Desirably the monoolefin monomers converted 
to repeat units are at least 80, 85 or 93 percent propylene. The polypropylene can be a homopdymer, a reactor copol- 
ymer potypropytene inpact nnodrfied propylene, isotactic polypropylene, syndiotac^ polypropylene, impact copolymer 
5 polypropylene and other prior art propylene oopotymers. Desirably it has a melting tenperature peak of at least 120''C 
and a heat of flision of greater than 75, 80. or 90 JA). 

[0028] The rubber can be am rubber that can react and be crossfinked under crossllnking conditions. These rubbers 
can include natural mbber. EPDM rubber, butyl rubber, halobutyl rubber, halogenated (ag. brominated) copolymers of 
p-alkylstyrene and an tsomonoolef in having from 4 to 7 cartx>n atoms (e.g. isobutylene). butyl rubbers containing repeat 
10 units from divinyl benzene, homo or copolymers from at least one conjugated dlene, or combinations thereof. EPDM. 
butyl and halobutyl rubbers are refered to as rubbers low in residual unsaturation and are prefen'ed when the vulcani- 
zate needs good thenna) stability or oxidative stability. The rubbers low rn residual unsaturation desirat)iy have less than 
10 weight percent repeat units having unsaturation. Desirably excluded from rubbers are aaylate rubber and epichlo- 
rohydrin rubber. For the purpose of this inventton, copolymers will be used to define potymers from two or more mono- 
15 mere, and polymers can have repeat units from one or more different monomers. 

[0029] The rubber Is desirably an olefin rubber such as EPDM-type rubber EPDM-type rubbers are generally terpol- 
ymers derived from the poly merizatton of at least two different monoolefin monomers having from 2 to 1 0 carbon atoms, 
preferably 2 to 4 carbon atoms, and at least one polyunsaturated olefin having from 5 to 20 carbon atoms. Said 
^PK)noolefin8 desirably have the fonnula CH2i=CH-R where R H or an alkyi of 1 -12 cartxKi atoms and are preferat)ly 




20 ethylene and propylene. Desirably the repeat units from at least two monodef ins (and preferably from ethylene and pro- 
pylene) are present in the polymer in weight ratx)6 of 25:75 to 75:25 (ethytene:propy1ene) and constitute from about 90 
to about 99.6 weight percent of the polymer. The polyunsaturated olefin can t>e a strsught chained, branched, cycltc. 
bridged ring, btcydic, fused ring bicyclk; oonpound, etc.. and preferably is a nonconjugated diene. Desirably repeat 
units from the nonconjugated polyunsaturated olefin is from about 0.4 to ^bout 1 0 weight percent of the rubber. 
25 [0030] The rubber can be a butyl rubber, halobutyl rubber, or a halogenated (e.g. brominsted) copolymer of p-alkyl- 
styrene and an isomonoolef in of 4 to 7 carbon aton«. 'Butyl njbber" is defined a polymer predominantly comprised of 
repeat units from isobutylene but including a few repeat units of a monomer which provides sites tor crossllnking. The 
monomers which provide sites for crossllnking can be a polyunsaturated monomer such as a conjugated diene or divi- 
nyl benzene. Desirably from about 90 to about 99.5 weight percent of the butyl rUbber are repeat units derived from the 
90 polymerization of isobutylene, and from about 0.5 to about 10 weight percent of the repeat units are from at least one 
polyunsaturated monomer having from 4 to 1 2 cartxm atoms. Preferably the polyunsaturated monomer ia isoprene or 
divinylbenzena The polymer may be halogenated to further enhance reactivity in crossGnking. Preferably the halogen 
Is present in amounts from atxxjt 0. 1 to about 1 0 weight percent, more preferably about 0.5 to about 3.0 weight percent 
t>ased upon the v^ght of the halogenated polynter; preferably the hak)gen is chlorine or bromine. The brominated 
95 copolymer of p-alkylstylene, having from about 9 to 12 cart)on aton«, and an isomonoolefin. having from 4 to 7 carbon 
atoms, desirably has ftom about 88 to about 99 weight percent isomonoolefin. more desirably from about 92 to about 
98 weight percent and from about 1 to about 1 2 weight percent p-alkylstyrene, more desirably from about 2 to about 8 

•eight percent based upon the weight of the copolymer before hatogenatlon. Desirably the alkylstyrene is p-methytsty* 
ine and the isomonoolefin is isobutylene. Desirably the percent brontine is from about 0.2 to about 8, more desirably 
40 from about 0.2 to about 3 weight percent based on the weight of the halogenated copolymer. The copolymer is a com- 
plementary amount, l.e.. Drom about 92 to about 99.6, more desirably from about 97 to about 99.8 weight percent. 
These polymers ere commercially available from Exxon Chemical Co. 

[0031 ] Other rubber such as natural rubber or synthetic honx> or copolyniers from at least one conjugated diene can 
be used in the dynamic vulcanizate. These rubbers are higher in unsaturation than EPDM rubber and butyl rubber. The 

45 natural rubber and sard homo or copolymers of a diene can optionally be partially hydrogenated to increase thermal and 
oxidase stability. The synthetic rubber can be nonpolar or polar depending on the comonomers. Desirably the homo or 
copolymers of a diene have at least 50 weight percent repeat units from at least one conjugated diene monomer having 
from 4 to 8 carbon atoms. Comonomers may be used and include vinyl aromatic monomer(s) having from 8 to 1 2 car- 
bon atoms and acrytonitrile or alkyl-€ut>8tituted acrylonrtrile nK>nonier(6) having from 3 to 8 cartxHi atoms. Other 

60 conxxiomers desirably used include repeat units from moru>mers having unsaturated cartxscylic adds, unsaturated 
dicartxwylic adds, unsaturated anhydrides of dicart)oxyric acids, and include divinyfbenzene. alkylacrylates and other 
monomers having from 3 to 20 cartx>n atoms. Exanples of synthetic rubbers include synthetic pdyisoprene. polybuta- 
diene rufal)er. styrene-tmtadiene rubt)er. buladiene-acrylonitrile rubber, etc. Amine-fuictionalized, cartxsxy-functional- 
ized or epoxy^unctionalized synthetic mbbers may be used, and examples of these include maleated EPDM. and 

55 epoxy-funotkmalized natural riisberR These materials are commercially available. 

[0032] The thermoplastic vulcanizates of this disclosure are generafly prepared by melt-mixing in any order, the semi- 
crystalline polyolefin(s) (e.g. polypropylene themioplastic). the random propylene copolymer, the rubber, and other 
ingredients filler, plastidzer, lubricant stabilizer, etc.) in a mixer heated to above the melting temperature of the poly- 
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propylene thermoplastio. Ihe optional fillers, plastidzers, addrtives etc., can be added at this stage or later. After suffi- 
dent molten-slate nriixing to form a well n^ed blend, vulcanizing agertts (also KnoMfn as curatives or crosslinkers) are 
generally added. In some embodiments It Is preferred to add the viicanizing agent In solution with a liquid, for exarnple 
rubb^ processing oa, or in a masteifoatch virhich is compatible with the oth^ components. It is convenient to foOow the 

5 progress of vulcanization by monitoring mixing torque or mixhig energy requirements during mixing. The mixing torque 
or mixing energy curve generally goes through a maximum after which mixing can be continued somewtiat longer to 
improve the fabricabilfty of the blend. If desired, one can add some of the ing^ecfients after the dynamic vulcanization Is 
completa The random polypropylene copolymer can be added beldre. during, or after vulcanization. After discharge 
from the mixer, the Uend containing vulcanized rubber and the thennoptaslic can be milled, chopped, extruded, pel- 

10 letized, Injection-molded, or processed by any other desirable technique. It usually desirable to allow the fillers and a 
portion of any plasticizer to distribute themselves in the nijber or semt-crystalline polypropylene phase before the rUb- 
ber phase or phases are crosslinKed. CrossHnMng (vulcanization) of the rubber can occur in a few minutes or less 
depending on the mix temperature, shear rate, and activators present for the curative. Suitable curing temperatures 
include from about 120^0 or ISO^C to about 250^0, more preferred temperatures are from about 15(K2 or 170*C to 

15 about azS^C or 250^0. The mixing equipment can include Banbury™ mixem. Brabender™ mixers, muttiroll mills and 
certain mixng extruders. 

[0033] The thermoplastic vulcanizate can include a variety of additives. The addHives rrKlude particulate fillers such 
as cartx>n black, silica, titanium dioxide, colored pigments, di^; zinc oxide; stearic acid; stabilizers; anti-degradants; 
flame retardanis; processing aids; adheslves; taddf iers; plastidzers; wax; discontinuous fibers (such as wood cellulose 
fibers) and extender oils. When extender oil is used it can t>e present in amounts from akxxit 5 to about 300 parts by 
weight perlOO parts t>y weight of the blend of semi^crystailine polypropylene and rubber. The amount of extender oil 
(ag., hydrocartx)n oils arxi ester plastidzers) may also be expressed as from about 30 to 250 parts, and more desirably 
from about 70 to 200 parts by weight perlOO parts by weight of said rubber. When non-black fillers are used, it is desir- 
able to indude a coi9>ling agent to compatibilize the Interface between the non-black filters and polymers. Desirable 
2S amounts of caftxsn black, when present, are from about 5 to about 250 parts by weight per 1 00 parts by weight of rub- 
ber, 

[0034] Another component to the dynamic vuteanizate is the curative which crosslinks or vulcanizes tfie crosslinkable 
rubber phase. The type of curative used in this disdosure depends on the type of rubber to be crosslinkad The cura- 
tives for each type of rubber are conventional tor those mtsbers in thermoplastic vulcanizates and are used in conven- 
30 tk>na( amounts. The curatives include, but are not limited to, phenolic resin curatives, sulfur curatives, with or wi^out 
accelerators, accelerators alone. peroxkJe curatives. hydroslJation curatives using silicon hydride and platinum or per- 
oxk:le catalyst, etc. 

[0035] Tliermoplastic vulcanizate compositions of the invention are useful for making a variety of artides such as 
tires, hoses, belts, gaskets, mokiings and molded parts. They are particulariy useful tor making artides by extruston. 
35 irijection mokling, btow molding, and compression molding techniques. They also are useful tor modifying thermoplastic 
resins and in particular polyolef in resins. The compositions can be blended witii thermoplastic resins using conventional 
mixing equipment making a rubber modified thermoplastic resin. The properties of the moc^ied thermoplastk; resin 
depend upon the amount of thermoplastic vulcanizate composition blended. 

[0036] The stress-strain properties of the compositions are determined in accordance with the test procedures set 
forth in ASTM D412. These properties indude tension set (TS). ultimate tensile strengtii (UTS). 50 percem modulus 
(M50). 100 percem modulus (M100). and ultimate elongation at break (UE). The tear strength is measured according 
to ASTM D623. The hardness is measured according to ASTM D2240. a 5 second delay using either tiie Shore A 
or Shore D scale. Cornpression set (OS) is determined in accordance with ASTM 0-395, Metiiod B, by compressing the 
sample lor 22 hours at 100°C. Oil swell (OS) (percem change in weight) is deternrvned in accordance with ASTM 0-471 
45 by submerging the spedmen in IRM 903 oil and unless ottiemvise spedTied is for 24 hours at ^25iZ*'0. Especiaity pre- 
fenred compositions of ti)e invention are rubbery compositions having tension set values of about 50 percem or less 
which conpositions meet the definition for rUbber as defined by ASTM StEUfidards, V. 28, page 756 (01 566). More pre- 
ferred compositions are rubfc>ery compositions having a Shore 0 hardness of 60 or below, or a 100 percem modulus of 
18 MRb or less, or a Vbung's modulus below 250 MPa. 

60 

[0037] The composition of ethylene propylene copolymers, which are used as comparative examples of TWes l-lll. 
was measured as ethylene w^ht percem according to ASTM 0 3900. The composition of the random propylene copol- 
66 ymer of Tatiies l-lll was measured as ethylene weight percem according to tine foitowtng technique. A thin homogene- 
ous film of the copolymer, pressed at a temperature of about or greater than 150''C was mourned on a Parkin Elmer PE 
1 760 infra red spectrophotometer. A full spectrum of the sample fiPom 600 cnvl to 400 cm-l was recorded and the eth- 
ylene weight po'cem of the polymer was calculated according to Equation 1 as fbllows: 
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ethylene wL % - 82.58S-1 1 1 .987X^0.045X ^ (Equation 1 ) 

wherein X is the ratio of the peak height at 1155 cm*^ and peak height at either 722 cm'^ or 732cm*\ which ever is 
higher. 

5 [0038] Techniques for determining the molecular weight (Mn and Mw) and nrwlecular weight distrdxition (MWD) are 
found in U.S. Patent 4,540 J53 (Cozewith. Ju and Verstrate) (whk:h is incorporated by reference herein lor purposes of 
U.S. practices) and references cited therein and in Macromolecules, 1988. volume 21 , p 3360 (Verstrate et al) (which is 
herein incorporated by reference for purposes of U.S. practice} and references cited therein. 
[0039] The procedure far Differential Scanning Catorimetry of Tables l-lll foUows. About 6 to 10 mg of a sheet of the 

10 polymer pressed at approxtmately 200^0 to 230^0 is removed with a punch die* This is annealed at room temperature 
for 80 to 100 hours. At the end of this period, the sample is placed in a Differential Scanning Catonmeter (Perkin Elmer 
7 Series Thermal Analysis System) and cooled to about -50"C to about -TO^C. The sarrple is h^ed at 20®C/mln to 
attain a final temperature of about 200^0 to about 220*^0. The thermal output Is recorded as the area under the melting 
peak of tfie sample, which is typically peaked at about SO^C to about 1 75°C and occurs between the temperatures of 

IS about 0*^0 and about 20O''C, and is nrteasured in Joules as a measure of the heat of fusion. The melting point is 
recorded as the temperature of the greatest heat absorptton within the range of melting of the sampfe. Under these con- 
ditk>ns, the melting point of the random propylene copolymer and the hea! of fusion is tower tluui for a polypropylene 
^^omopoiymer. 

^^040) Compositk)n distributton of the random propylene copolymer was measured as described bekiw. About 30 
so gms. of the random propylene copolymer was cut into small cubes about 1/8* on the skJe. This is Introduced Into the 
thick walied glass bottle dosed with screw cap atong with 50 nig of Irganox 1 076, an antioxklant commercially available 
from Ciba-Qeigy Corporatkm. Then, 425 niA of haxane (a principal mixture of normal and iso isomers) Is added to the 
contents of the bottle and the sealed bottle is maintained at about 23^0 for 24 hours. At the end of this period, the sdu- 
Xian is decamed and the resklue is treated wHh additk)nal hexane for an additional 24 hours. At the end of ttiis perkxl, 
25 the two hexane solutions are combined and evaporated to yi^ a reskfue of the polymer soluble at 23^. To the rescue 
is added sufficient hexane to bring the volume to 425 ml and the bottle is maintained at about ZVC for 24 hours in a 
covered circulating water bath. The soluble polymer is decanted and the additional amount of hexane is added for 
another 24 hours at about 31 °C prbr to decanting. In this manner, fractions of the polymer soluble at 40''C. 48^C. 5S'*C 
end 62^C are obtained at temperature increases of approximately 8"C between ^ages. Further, increases in tempera* 
30 ture to 95^*0 can be accommodated, If heptane, Instead of hexane, is used as the soh^ent for all temperatures above 
about 60"C. The soluble polymers are dried, weighed and analyzed for compositfon, weight percent ethylene content, 
bythe IR technique described above. Soluble fracttons obtained in the adjacent temperature increase 
fractions in the specification above. 

[0041] SPC-1 through SPC-S were prepared In a manner described In the specificatfon for polymerizing a random 
35 propylene copolymer. Table I describes the results of the QPCX composttkxi. ML and DSC analysis tor the polymm and 
for some comparative polymers. EPR is Vistaton^'* 457 an ethyleneixopyiene copolymer commercially availak)le from 
EXXON Chemical Co. , and ae PP is an expenmenta\ propylene copolymer containing 1 1 .7 weight percent ethylene but 

«isotactic propylene sequences (i.e.. it is totally amorphous). Experimental random propylene copolymers M-PP A 
ough M'PP E and M-PP H are also characterized along with some conventional propylene copolymers arxt homopol- 
40 ymers. Table II describes the temperature and percent of each copolymer soluble in hexane at a certain temperature 
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SPC 


(Mn)byQPC 


(fi4w)byGPC 


Ethylene wt% 
wnb ny in 


Heat of fusion 

J/Q 


Mefting Point 
oy uou V 


ML(l44)- 


Or^w- 1 


lUcUUU 






fl.9 


o4.7 


i4 








1 1.0 


1 /.I 


it's n 










10.4 


7.0 


4Z.Z 


33.1 


SPC-4 






11.1 


25.73 


63.4 


34.5 


SPC-5 






14.7 


13.2 


47.8 


38.4 


ExptM-PPA 






13.1 


12.4 


52.1 


16.4 


ExptM-PPB 




WA 


12.1 


22.5 


54.1 


11.6 


ExptM-PPC 


N/A 


hUA 


14.9 


14.6 


52.1 


6.4 


Expt M-PP D 


N/A 


N/A 


9 


40.5 


61.8 


34.7 


ExptM-PPE 


N/A 


MA 


7.5 


41.8 


902 


8.8 


Expt M-PP H 


rsi/A 


N/A 


7.3 


35.6 


85.1 


14 


Comparative Polymers 


EPR 






4e.8 


not detected 


not detected 




aePP 






11.7 


not detected 


not detected 




Reflex 






0 


23.9 


154«C 




D100 














Reflex D1700 






0 


62.2 






RellexD2300 






0 




156*»C 




Reflex D2330 






0 








Impact 
Escorene PD 
7302 






0.5 


84.1 


163 




Lyondeil 
51S07A 






0 


92.9 


164.7 
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l&blell 



SoMDirty of the Propylene CopolymerB 


SPC 


Wl.% soluble at 23<'C 


Wt%80lut)leat3rC 


Wt.% soluble at 40^C 


Wl.% soluble at 48»C 


SPC-1 


1,0 


2.9 


28.3 


68.5 


SPC-2 


6.5 


95.7 






SPC-3 


51.6 


52.3 


2.6 




SPC-4 


18.7 


83.6 






SPC-5 


36.5 


64.2 






Conparative Polymers 


EPR 


101.7 








aePP 


100.5 









20 Sim of the fractions add up to slightly more than 1 00 due to imperfect drying of the polymer fractions. 

[0042] Table III describes the composition of the fractions of the propylene copolymers obtained In Table II. Only frac- 
tions which have more than 4% of the total mass of the polymer have been analyzed for composition. 
[0043] Table fV characterizes the compositions of thermoplastic vulcanizates (TPVs) used in later tables. The TPNTs 
also comprise crosslinks firom a crosslinking agent and preferably fillers, oils, process aids. etc. 

2S [0044] Table V compares an unmodified TPV from polypropylene and EPDM to the same TPV modified with 1 ) a poly- 
propylene homopolymer (Lyondell 51S70A). 2) lour different random propylene copolymers (A-D). and 3) a conven* 
tional propylene copolymer. 



Table III 



55 



40 



Weight Percent Ethylene in Fraction 


SPC 


soluble at 23«C 


soluble at 3rC 


soluble at 40"C 


soluble at 48°C 


soluble at 56*C 


SPC-1 






8.0 


7.6 




SPC-2 


12.0 


11.2 








SPC-3 


16.8 


las 








SPC-4 


13.2 


11.2 








$PC-5 


14.9 


14.6 








Comparative Polymers 


EPR 


46.8 










atactic ePP 


11.8 











The experimental inaccuracy in determination of the ethylene content is believed to about 0.4 wt % absolute. 



Table IV 



Thermoplasttc N/Ulcanizates.Rubber Type, Polypropylene Concentration and Rubber Concentra- 
tion 


Thermoplastic Viilcani- 
zate 


Rubber Type 


PP Concentration, wt % 


Rubt>er Concentration 
wt% 


TPV-1 


EPDM 


13.4% 


28.5% 


TPV-2 


EPDM 


58.3% 


14.5% 
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Table IV (confinued) 



Themnoplastic VUIcanizates:Rubb^ Type, Polypropytene Concentration and Rukiber Concentra- 
tion 


Themnoplastic NAjlcani- 
zate 


Rubber Type 


PP Concentration, wt. % 


Rubber Concentration 
wt% 


TPV-3 


EPDM 


9.4% 


26.7% 


TPV-4 


NHrile 


15.0% 


48.0% 


TPV-5 


Butyl 


16.0% 


42.0% 



Table V 



Blende of an EPDM/Potypropylene TPV with Polypropylene or Metallocene Catalyzed Propylene Copolymers or 

Conventional Polypropylene Copolymer 




1C 


2C 


3C 


4 


5 


6 


7 


8C 


TPV-1 


100 


100 


100 


100 


100 


100 


100 


100 


Lyondell 51S07A 




6.7 


13.4 












ExptM-PPA 








13.4 










ExptM-PPB 










13.4 








Expl M-PP C 












13.4 






Expt M-PPD 














13.4 




Escorene PD9272 
















13.4 


Final Brabender Torque 






650 


540 


500 


510 


575 


480 


PP Copolmer Concentra- 
tion, wt 


0.0% 


0.0% 


0.0% 


11.8% 


11.8% 


11.8% 


11.8% 


11.8% 


PP.PP Copolymer ratio 


















Hardness, Shore A 


61 


70 


83 


61 


63 


60 


70 


77 


50% Modulus. MPa 


1.73 


2.67 


3.65 


1.66 


1.83 


1.54 


2.46 


3.12 


1 00% Modulus. MPa 


2.45 


3.46 


4.46 


2.25 


2.45 


2.10 


3.16 


3.88 


Tensile Strength, MPa 


5.73 


6.95 


8.68 


6.45 


6.63 


5.22 


10.05 


8.39 


Ultimate Qongation, % 


401 


439 


433 


530 


514 


492 


585 


471 


Toughness. MJ/m? 


14.0 


21.0 


25.2 


19.7 


19.8 


16.0 


31.4 


25.3 


Tension Set, 100 % elongation. 10 minutes, room temperature 


%Set 


7.5% 


11.5% 


16.0% 


8.5% 


9.5% 


9.0% 


11.5% 


14.5% 


Oil Swell. 24 hours. laS'^C 


%wtgain 


91.2 


81.6 




148.4 


146.8 1 


143 


iiai 


131.4 


Compression Set 22, hours 


%Setd100''C 1 


23 


31 


39 1 47 1 40 1 43 


37 41 
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1 Table VI 

Effect of Random Polypropylene Copolymer Composition 
on Propenies of TPV Blend 




25 


26 


27 


28 1 


1 TPV-l 


100.0 


100.0 


100.0 


100.0 1 


1 Expt M-PP H 


3.4 


6.7 


10.0 


13.4 1 


PP:PP Copolymer 
Ratio 


100:25 


100:50 


100:75 


100:100 1 


Physical Properties, Unaged 


Hardness, Shore A 


65 


66 


69 


70 


50 % Modulus, MPa 


2.00 


2.18 


2.34 


2.47 


100 % Modulus. MPa 


2.70 


2.91 


3.04 


3.18 


Tensile Strength, 
MPa 


7.25 


8.11 


8.90 


9.65 


Ultimate Elongation. 
% 


522 


548 


587 


601 


1 Toughness. MJ/m^ 


22.13 


25.46 


29.07 


31.69 


{ Tension Set, 100 % elongation, 10 minutes, room temperature 


% Set 


9.5 


10.5 


11.5 


12.0 



^|lo45] Table VI illustrates the properties of four different random propylene copotyrners at different levels in a TPV. 

40 [0046] TaMe VII shows trie effect of adding a random prq^ylenecopo^nrierj 

vulcanizates (TPV). The amouits of the random propylene oopolyrner are higher than shown in the previous tables. As 
can be seen from reading the table from left to right the experimental polypropylene copolymer Increases the elongation 
to brealc, increases the toughness and increases the tear strength of the conposHions. Due to the tact that the thermo- 
plastic random propyfene copolymer increases the relative rafio of the thermoplastic phase in these examples it gener- 

45 ally increases the Shore A hardness and the modulus as the amount of random propylene copolymer increases. 
(0047] Htble VIII contains control examples that illustrate the effect of adding polyprqi>ylene honwpolymers. While 
toughness increases, it is more a function of nrxKJUus increase than an increase In ultimate elongation. 
10048] Table IX illustrates the effect of adding traditional propylene copolymers to a TPV. Again as with propylene 
homopolymerSt increases in toughness are due primarily to increases in modulus. 

so 



55 
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Physical Properties of blends of TPV M-PP Copolymer where the M-PP copolymer concentiBtlon 
is greater than the PP homopotymer ooncentration 




|29C 


30 


31 


|32 


33 


Formulation, Phr 


TPV-1 


100.0 


100.0 


100.0 


100.0 


100.0 


ExptM-PPD 




13.40 


26.80 


40.20 


53.60 


PP:PP Copolymer Ratio 


100:0 


100:100 


100:200 


100300 


100:400 


Physical Properties. Unaged 


Hardness^ Shore A 


61 


65 


70 


71 


75 


50% Modulus. MPa 


1.62 


2.20 


2.58 


2.95 


326 


100% Modulus. MPa 


2.31 


2.90 


3.25 


3.58 


3.85 


Tensile Strength. MPa 


5.39 


8.42 


13.60 


17.40 


18.80 


Ultimate Elongation, % 


424 


566 


716 


776 


785 


Toughness. MJ/m^ 


14.07 


26.86 


45.73 


58.58 


63.82 


Tension Set, % set 


7.5 


12.5 


15 


17 


18 
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TaWe VIII 



Effect of Low Density Polypropyloie on TPV Blends 




34C 


35C 


36C 


37C 


38C 


39C 


40C 


TPV-1 


100 


100 


100 


100 


100 


100 


100 


Lyondefl51S70A^ 




13.4 












Reflex® 0100 






13.4 










R^l6X®D1700 








13.4 








Reflex® D2300 












13.4 




Reflex® 02330 














13.4 


Phystcaf Properties, Unaged 


Hardness, Shore A 


63 


81 


65 


75 


63 


70 


68 


50 % Modulus. MPa 


1.72 


3.47 


2.00 


2.72 


1.72 


2.21 


2.12 


100% Modulus. MPa 


2.41 


4.28 


2.65 


3.46 


2.42 


2.87 


2.78 


Tensfle Strength. MPa 


5.79 


8.61 


4.92 


7.23 


5.61 


5.41 


4.74 


Ultffnate Etongation, % 


441 


477 


402 


496 


426 


440 


364 


Toughness, lAifrrP 


15.7 


27.3 


13.5 


23.5 


14.8 


16.4 


12.1 


Tension Set. 100 % elongation, 10 minutes, roont tenperature 


%Set 


8.5 I 


16.0 


10.0 


12.0 


8.5 


9.5 


9.5 


Compression Set 22 hours 


% Set ® 100C 


28.9 


38.3 


42.0 


37.4 


27.0 


39.0 


39.1 


%wt gain 


% Swell @ 125C 


96.3 


75.5 


128.9 


112.0 


94.1 


130.5 


121.2 


% Swell @100C 


80.3 


59.2 


115.0 


84.6 


80.8 


110.3 


108.6 
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l^e IX 
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Physical Properti^ of TPV Blends wHh NorvMetallocene Polypropylene Copolymers 




41C 


420 


43C 


440 


450 


TPV-1 


100 


100 


100 


100 


100 


Escoferte PD9272 




3.34 


13,4 






E6C0rer\Q PD 7032 








3.34 


13.4 


PP:PP Copolymer Ratio 


100:0 


10025 


100:100 


10025 


100:100 


Final Brabender Torque 


361 


350 


320 


345 


340 


Physical Properties, Unaged 


Hardness, Shore A 


63 


81 


76 


67 


78 


50% Modulus, MPa 


1.70 


2.02 


2.99 


2.00 


3.08 


100% Modulus. MPa 


2.38 


2.73 


3.74 


2.71 


3.63 


Tensile Strength, MPa 


5.92 


6.12 


8.50 


6.06 


7.34 


Uttimale Elongation, % 


462 


449 


531 


438 


451 


Toughness, MJAn^ 


16.6 


17.4 


28.3 


16.8 


22.6 


Tear Strength (NAnm) 


22.28 


26.71 


36.42 


25.32 


33.76 


Tension Set. 100 % elongation, 10 minutes, room temperature 


%Set 


7.4 


8.5 


13.5 


9.00 


13.0 


Compression Set. 22 hours 


%Set@l00C 


27.6 


29.9 


41.5 


29,3 


37.6 


%Set@RT 


15.0 


17.9 


27.3 


17.9 


22.6 


Weight Gain 


% Swell ®125C 


96.2 


104.5 


137.2 


154.1 


189.6 


%SMrell<960''C 


65.0 


60.6 


49.20 


57.2 


50.5 



[0049] TaWe X Illustrates that the effect of the random propylene copolymers occurs in both TPV-l (13.4 weight per- 
cent polypropylene) and TPV-2 (58.3 weight percent polypropylene). 

10050] Tat)le XI compares 1) TPV-3 (9.4 weight percent polypropylene) with 2) TPV-3 with a random propytene copol- 
ymer and 3) TPV-1 which has 13.4 weij^ percent polypropylene. The toughness Inaease In examples 54 and 55 is a 
result of the random propylene copolymers rather than just the percentage polypropylene. 
[0051 ] Table XII illustrates the effect of adding a random propylene copolymer before or after the curing (vulcanization) 
45 of the rubber phase. 

[0052] Table Xtll illustrates the effect of a random propylene copolymer on TP>rs 4 and 5 which use nitrtle rubber and 
butyl rubber respectively (rather than EPDM rubber as used in TPV-1 through 3 in the previous tables). 



so 
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%biex 



Physical Properties of Harder TPV Blends with Random Propylene Copolymers 




46C 


47 


48 


49 


50 


52 


52 




avg.4 














TPV-2 


100.00 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


Expt M-PP D 




11.2 


24.9 


43.9 








ExptM-PPC 










11.2 


24.9 


43.9 


PPiPP Copolymer Ratio 


100:0 J 


100:19 


100:43 


100:74 


100:19 


100:43 


100:74 


Final Brabender Torque 


570 


600 


640 


680 


530 


500 


500 


Physical Properties, Unaged 


Hardness, Shore D 


55.5 


55 


54 


53 


53 


50 


44 


50% Modulus, MPa 


l&l 


14.7 


14.1 


13.0 


13.1 


10.8 


9.03 


100% Modulus, MPa 


14.5 


14.1 


13.5 


12.7 


12.7 


10.8 


9.44 


Tensile Strength. MPa 


16.9 


22.0 


26.3 


27.6 


18.1 


19.9 


20.4 


Ultimate Elongation. % 


438 


586 


715 


725 


545 


678 


700 


Toughness, MJAn^ 


64.9 


91.0 


119.6 


117.8 


TO.3 


89.2 


87.2 


Tension Set. 100 % elongation. 10 minutes, room terTV)erature 


%Set 


60.5 


58.0 1 59.5 


48.0 1 54.5 


48.5 


39.5 
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Effect of Random Propylene Copolymer on TPV-3 and Comparisoi 


lloTPV-1 




53C 


54 


55 


56C 


TPV-3 


100.00 


100.0 


100.0 




TPV-1 








100.00 


Expt M-PP D 




6.4 


13.6 




PP:PP Copolymer Ratio 


100O 


100:68 


100:144 


100:0 


Final Brabender Torque 


240 


250 


275 


380 


Pfiystcal Properties. Unaged 


HaidnesSi Shore A 


34 


41 


48 


62 


50% Modulus. MPa 


0.57 


0.86 


1.08 


1.68 


100%Modidu8. MPa 


0.94 


1.30 


1.55 


2.34 


Tensile Strength, MPa 


2.64 


4.31 


6.30 


5.71 


Ultimate Elongation. % 


429 


566 


730 


451 


Toughness. MJ/Tn^ 


6.6 


14.7 


24.8 


15.8 


Tension Set. 100 % elongation. 10 minutes, room temperature 


%Set 


5.0 


6.50 


7.00 


8.00 


Compression Set. 22 hours 


%Set9100C 


21.2 


29.9 


36.7 


27.6 


Weight Gain 


% Swell & 1250 


133.7 


178.5 


239.8 


95.1 


%Swe»960C 


935 


87.9 


72,6 


59.9 


Tear Strength (NAnm) 


10.81 


17.29 


23.26 


22.35 
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Table XII 





Effect of Adding Random Propylene Copolymer before or after VUtca 


nization 


5 




67C 


58 


59 


60C 


61 


62 


63 


64 




TPV-1 


100-0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 




ExptM-PPC 




13.3 


13.3 












10 


pvnt M-PP E 














13.3 


13.3 




Expt M-PP D 










13.3 


13.3 








Mixing temp 


175 


175 


175 


175 


175 


175 


175 


175 


18 


PP Copoly- 
mer/ Addition 
Sequence 


N/A 


l>efore 
cure 


before cure 


N/A 


before cure 


after cure 


before cure 


after cure 


% 

so 


PP Copoly- 
mer Concen- 
tration wt.% 


0% 


11.8 


11.8 


0 


11.8 


11.8 


11.8 


11.8 




PP:PP Copol- 
ymer Ratio 


100:0 


100:100 


100:100 


100:0 


100:100 


100:100 


100:100 


100:100 


2S 


Final 

Brat)ender 
Torque 


440 


320 


380 


400 


420 


530 


310 


350 




Physical Properties 


30 


Hardness. 
Shore A 


N/A 


N/A 


N/A 


59 


70 


68 


71 


70 




50% Modu- 
lus. MPa 


1.6 


1.4 


1.4 


1.5 


2.3 


2.3 


2.5 


2.3 


35 


100% Modu- 
lus. MPa 


2.5 


2.0 


2.0 


22 


3.1 


3.1 


3.2 


3.2 




Tensile 
Strength. 

)MPa 


4.7 


3.6 


4.2 


4.6 


6.9 


7,4 


6.4 


7.1 


40 


Toughness. 
MJAn^ 


7.6 


7.6 


9.0 


8.8 


18.3 


19.5 


17.3 


18.2 




Ultimate 
Elongation, % 


285 


316 


339 


311 


426 


438 


416 


412 


45 


ai Swell. 24 
hrsatlSSC 


87.8 


123.4 


135.2 


117.0 


156.5 


167.7 


135.5 


152.3 




Compression Set 22 hours 


SO 


& 100C. % 
Set 


24.2 


49.6 


49.3 


32.2 


39.4 


36.6 


39.7 


42.1 




9 RT 


13.7 


21.1 


22.2 


16.8 


21 X> 


18.3 


20.8 


20.5 




Tear Strength 


18.65 


19.50 


20.46 


21.2 


29.3 


32,29 


29.70 


31.75 


SS 


Tension Set 
% 


5.5 


8.0 


8.0 


6.5 


9.5 


11.0 


11.5 


11.5 
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Table XIII 



PhysicaJ Properties of Wends of TPV and PP or PR Copolymer Where the TPV Rul)- 
ber is Nitrile Rubber and Butyl Ruksber 




|65C |66 |67 |68C 


69C 


Fornulation. phr 


TPV-4 


100.0 


100.0 


100.0 


100.0 


100.0 


TPV-5 












ExptM-PPD 




6 


12 






Lyondell51S07A 








2 


4 


PP Copolymer Concentration 


0.0% 


5.7% 


10.7% 


0.0% 


0.0% 


PP:PP Copolymer Ratio 


100:0 


100:40 


100:80 


100:0 


100 X) 


Rubber Type 


Nitrile 


Nitrile 


NHrile 


Nitrile 


NHrile 


Physical Properties. Ungaged 


Hardness. Shore A 


69 


71 


74 


71 


73 


50% Modulus. MPa 


2.39 


2.89 


3.07 


2.94 


3.20 


lOO%N/kxlulus, MPa 


3.36 


3.85 


4.01 


3.97 


4.29 


Tensile Strength. MF^ 


5.58 


7.51 


9.15 


6.44 


7.03 


Ultimate Elongation. % 


219 


283 


335 


232 


236 


Toughness. MJAn^ 


7.61 


12.91 


17.76 


9.65 


10.70 


Tension Set. % set 


8.5 


12.0 


14.0 


9.5 


11.0 




70 


71 


72 


73C 


74 


Formulation, phr 


TPV-4 












TPV-5 


100.0 


100.0 


100.0 


100.0 


100.0 


Expt M-PP D 




6 


12 






Lyondell 51S07A 








2 


4 


PP Copolymer Concentration 


0.0% 


5.7% 


10.7% 


0.0% 


0.0% 


PP:PP Copolymer Ratio 


100.*0 


100:38 


100:75 


100:0 


100.O 


Rubber Type 


Butyl 


Butyl 


Butyl 


Butyl 


Butyl 


Physical Properties, Ungaged 


Hardness, Shore A 


57 


61 


65 


61 


66 


50 % Modulus. MPa 


1.50 


1.84 


2.09 


1.81 


2.06 


100 % Modulus. MPa 


2.24 


2.61 


2.86 


2.62 


2.92 


Tensile Strength. MPa 


6.16 


7.44 


8.30 


6.46 


7.11 


UKmate Elongation. % 


343 


386 


410 


336 


348 


Toughness, MJMr* 


11.33 


15.41 


18.22 


12.28 


14.15 


Tension Set. % set 


7.5 


10.0 


12.0 


9.5 


11.0 



[0053] While in accordance with the patent statutes the best mode and preferred embodiment has been set forth, the 
scope of the invention is not Gmited thereto but rather by the scope of the attached claims. 
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Claims 

1 . A thermoplastic vulcanizate conposition. comprising; 

5 from about 20 to atx)ut 85 parts by weight rubber and from about 1 5 to about 80 parts by weight total of semi* 

crystalline polypropylene and a random propylene copolymer wherein said parts by weight are based upon 100 
pans by weight of said rubber^ said random propylene copolymer, and said polypropylene, 
wherein the weight ratio of said polypropylene to said random propylene copolymer is from about 100:2 to 
100:400 and wherein said random propylene copolymer has a heat fusion of less than 75 joules/gram and 

10 comprises from about 80 to about 95 weight percent repeat units from propylene and from about 5 to about 20 

weight percent of repeat units from one or more other unsaturated olefin monomers having 2 or from 4 to 1 2 
cartx>n atoms based upon the weight of said random propylene copolymer. 

wherein said rubber comprises an ethyteneixopylene-diene rubber, natural mbber. butyl rubber, halobutyl rub- 
ber, helogenated rubber copolymer of p-alkytetyrene and at least one Isomonoolefin having 4 to 7 cartxxi 
15 atoms, a copolymer of isobutylene and divtnyl-benzene. a rubber homopolymer of a corrugated diene having 

from 4 to a carbon atoms, or a rubber copolymer having at least 50 weight percent repeat units from at least 
one corijugated diene having from 4 to 8 cartxm atoms or combinations thereof. 



A thenmplasfic vulcanizate composltibn, comprising; 
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from about 20 to about 85 parts by weigm njbber and from about 1 5 to about 80 parts by weight t^ 
crystalline polypropylene and a random propylene copolymer wherein said parts by weight are based upon 100 
parts by weight of said rubber, said random propylene copolymer, and said polypropylene, 
wherein the weight ratio of said polypropylene to said random pro^ene copolymer is from about 100:2 to 
2S 1 00:400 and wherein said random propylene copolymer comprises from about 80 to about 95 weight percent 

repeat units from propylene and from about 5 to about 20 weigfit percent of repeat units from one or more other 
unsaturated olefin mononfiers having 2 or from 4 to 12 carbon atoms based upon the weight of said random 
propylene copolymer. 

wherein said rubber comprises an etfiylene-propylene-dlene rubber, natural rubber, butyl rubber, halobutyl rut>- 
30 ber. halogenated oibber copolymer of p-alkylstyrene and at least one isonwnoolefin having 4 to 7 carbon 

atoms, a copolymer of isobutylene and divinyl benzene, a rubber homopolymer of a conjugated diene having 
from 4 to 8 carbon atoms, or a rubber copolymer having at least 50 weight percent repeat units from at least 
one corrugated diene having from 4 to 8 cartx)n atoms or combinations thereof. 

35 3. A composition according to daim 2, wherein said rubber was dynamically vulcanized in the presence of said seni- 
crystalline polypropylene or the random propylene copolymer or both, thereto forming said thermoplastic vulcani- 
zate. 

^1 A composition according to claim 3, wherein said random propylene copolymer has a peak melting tenrperature 
40 between about 25''C and about lOS^'G. 

5. A composition according to daim 4. wherein one or more olefin monomers comprises from akxxit 5 to about 20 
weight percent repeat unltB from at least one olefin having from 2 or 4 to 8 carixm atone. 

45 6. A thermoplastic vulcanizate oonposition according to claim 4, wherein said peak melting temperature is from about 
30toaboutl05**C. 

7. A oompositkMi according to daim 4, wherein said peak melting temperature is from about 40 to about lOO^C. 

59 8. A composition according to daim 6. wherein said semi-aystatfine polypropylene has a melting tenrperature of at 
least 120''C and said connposition further incbides at least one oil. at least one fiUer. and at least one other additive. 

9. A composition according to daim 6. wherein said random propylene copolymer comprises from about 80 to about 
95 weight percent repeat units from propylene and from about 5 to about 20 weight percent repeat units from at 
ss least one monodefin having from 2 or 4 to 8 cait>on atoms. 

ia A composition according to daim 6. wherein said random propylene copolymer comprises from about 80 to about 
90 weight percent repeat units from propylene and f^om about 1 0 to about 20 weight percent repeat units from at 
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least one monoolef in having from 2 or 4 to 8 carbon atoms. 

11. A confposition according to dairn 2, vvherein sakS rubber comprises ethylene-fMropylene^ene rubber. 

1 2. A composition according to daim 2, wt)erein said rubber comprises butyt rubber, halobutyl niaber. or a halogenated 
njbber copolymer of p-alkylstyrene and tsobutylene. 

13. A conposition according to daim 2, wtierein said rubber conprlses natural rubber. 

14. A composition according to daim 2, wherein said ri^r comprises a rubber homopolymer of a conjugated diene 
having from 4 to 8 caibon atoms or a nibber copolymer having at least 50 weight percent repeat units from at least 
one conjugated diene having from 4 to 8 caibon atoms or conft>inations thereof. 

15. A process for making a thennoplastic vulcanizate conposition. comprising; 

blending in any order 

a) a rubber, 

b) semi-crystalline polypropylene, and 

c) a random propylene copolymer said rubber being from about 20 to about 85 parts by weight rubber, the 
total weight of said semi-crystaliine polypropylene, and said random prcpylene copolymer being from 15 
to 80 parts by w^ht, wherein said parts by weight are based upon 100 parts by weight of said rubber and 
said semi-crystalline polypropylene, and a said random propylene copolymer. 

wherein the weight ratio of said polypropylene to said random propylene copolymer is from about 100:2 to 
100:400 and wherein said random pnspylene copolymer comprises from about 80 to aboiit 95 weight per- 
cent repeat units from polypropylene and from about 5 to about 20 woght percent of repeat units from one 
or more other unsaturated olefin mononDers based upon the weight of said random ethylene copolymer, 
and 

dynamically vulcanizing said rubber after blending with said semi-crystalline polypropylene, or said random 
propylene copolymer, or combinations thereof. 

1 6. A process according to daim 15. wherein said random propylene copdymer has a peak melting temperature from 
about 25 to about 105X. 

17. A process according to daim 15, wherein saki random propylene copolymer has a peak melting temperature from 
about 30 to about 105''C. 

18. A process according to daim 15. wherein sakl random propylene copolymer has a peak melting temperature from 
about 40 to about lOO'^C. 

1 9. A process according to daim 1 5. wherein said random propylene oopdymer Is added and blended after saki rubber 
is vuk»nized. 

20. A composition according to daim 2. wherein saki compositton has at least a 25 % increase in toughness and a less 
than 5 percent increase in modulus over a similar composition wherein the semi-crystalline polypropylene totally 
replaces the combination of semi-crystalline polypropylene and random propylene copolymer. 

21 . A composition according to daim 2. wherein said random propylene copolymer comprises a first and a second ran- 
dom propylene copolymer with a weight ratio of sakf first copo^mer to saU second copolymer of from 95:5 to 5:95 
wherein said first copdymer has a memng poim above 70<>C and saU second cop^ 

eO'C. 

22. A conposition according to daim 2. wherein saki compositkm has at least a 25 percent reductkxi in tension set 
after 1 00 percent ekmgation for 1 0 minutes at 23±2°C over a sMlar conposition wher^n the semi-crystalline poly- 
propylene totally replaces the combination of semi-crystaUine polypropylene and random prcpoylene copdymer. 
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